We investigated whether automated and reader-based ASPECTS in acute stroke patients are affected by different CT image reconstruction algorithms.
Introduction
Computer-assisted image analysis based on deep learning has been introduced in clinical radiology recently and is becoming employed increasingly. 1 Besides the possibility to quickly process large amounts of data, another compelling task for such applications is to increase reliability where it is rather poor with human readers. A typical example here is early ischemia signs (EISs) in cerebral stroke which can be challenging, especially to less experienced physician. The Alberta Stroke Program Early CT Score (ASPECTS) was developed to assess EIS more objectively by assigning a numerical and therefore semiquantitatively score. 2 APECTS has been used in recent stroke trials which have proven the benefit of mechanical thrombectomy (MT) and is currently recommended as imaging criterion for MT within 6 hours from symptom onset by international guidelines (ESO). 3 At the same time, interrater reliability in ASPECTS is known to be moderate, only. e-ASPECTS (Brainomix Ltd, Summertown, Oxford, UK) is a commercial software which automatically determines AS-PECTS and has been shown to be noninferior to stroke experts. 5 High image quality is a prerequisite for the reliable assessment of EIS and ASPECTS. Various reconstruction algorithms have been established to increase image quality in CT imaging and have already been shown to influence infarct detection. 6 In the present study, we tried to investigate whether different CT reconstructions would influence automated ASPECTS in comparison to those of human readers.
Methods

Patient Selection
Between 11/2014 and 5/2015, patients with acute occlusion of the M1 segment of the middle cerebral artery and CT and CT angiography as primary diagnostic modality were selected. Our institutional review board approved this study.
Image Acquisition
CT scans were acquired using a 20-row multislice CT (SOMATOM Definition AS, Siemens, Erlangen, Germany). All patients underwent a dedicated multimodal CT protocol (non enhanced CT [NECT], ct angiography [CTA] and ct perfusion [CTP]) and had CTA-proven proximal middle cerebral artery (MCA) occlusion. NECT scans were acquired at 120 kV in X-care technique (Siemens) adjusting the tube current automatically in order to reduce radiation dose. Mean CT Dose Index for NECT was 53.2 ± 3.1 mGy at 329 ± 20 mAs.
NECT scans were reconstructed in axial planes with a slice thickness of 4 mm in FBP (Kernel H41s) and SinogramAffirmed Iterative Reconstruction (SAFIRE) in strength levels 2 and 4 out of 5 (Kernel J40s). In total, three reconstructions of each NECT per patient were made. 
Image Analysis
Statistical Analysis
Statistical analysis was performed using R version 3.2.2. Agreement of ASPECTS rating with ground truth ASPECTS was assessed using weighted kappa analysis and described as follows: 7 poor agreement (κ < .20), fair agreement (.20 ࣘ κ ࣘ .40), moderate agreement (.40 < κ ࣘ .60), good agreement (.60 ࣘ κ ࣘ .80), and very good agreement (.80 ࣘ κ ࣘ 1.00). Bootstrap resampling was used to estimate P values for the comparisons of kappa scores. Intraclass correlation coefficients were calculated to assess conformity for particular raters across different reconstruction levels.
Results
Forty-three patients (mean age ± standard deviation, 73.7 ± 12.0 years; 46.5% female) with acute occlusion of the M1 segment of the middle cerebral artery were included in this study. Mean time from stroke onset to CT imaging ± standard deviation was 108 ± 78 minutes. In 12 patients, stroke onset time was unknown. In these cases, mean time from last seen well to CT imaging was 454 ± 274 minutes. Median National Institutes of Health Stroke Scale score was 16 (interquartile range [IQR] 11-19). Median ground truth ASPECTS was not different between patients with known (median 8; interquartile range; IQR 6.5-9) and patients with unknown onset (median 8; IQR 7-9.25), respectively (P = 49; Mann-Whitney). In total, 129 NECT reconstructions were analyzed, please see Table 1 for detailed results. Except for consultant 2, all readers performed better with IR compared to FBP, only resident 1 performed better with IR2 than 4, while resident 2 and consultant 1 performed similarly with both IR levels. eASPECTS performed similarly to the consultant with the better results with each respective level. The both consultants were more consistent across different levels compared to the residents in terms of intrarater agreement, while eASPECTS showed the highest consistency which was also significantly higher than that of the residents (.92 vs. .79 and .73, respectively; P = .03 and .01, respectively).
Discussion
In this study, CT reconstruction algorithms (FBP, IR 2, and IR 4) had an influence on all raters including e-ASPECTS software. Overall, IR 2 allowed best recognition of early ischemic changes. Especially the residents showed a significant improvement from FBP (κ = .52) to IR 2 (κ = .69), while the consultant and e-ASPECTS showed little improvement. All the raters showed similar agreement with ground truth when using IR 2. This is of note, since interrater reliability in ASPECTS has been reported to be moderate. 4 IR may, therefore, help reducing disagreements in trials and in clinical routine. Although the software's reliability with regard to the ground truth also varied with different CT reconstructions, it had the highest internal consistency which also differed significantly from that of both residents. Thus, its performance was least affected by different image qualities. This is important in the clinical context especially in referral situations where different CT scanning qualities can be challenging in making diagnosis and treatment decisions.
In recent years, several studies have demonstrated that IR improves image quality of spiral CT of the head. 8 Bodelle et al have shown that evident infarct demarcation in NECT is more conspicuous when using IR, especially in strength level 4. 6 This study, in contrast to the present one, used cases with fully demarcated infarcts, only. In the acute phase, ie, within the first hours from symptom onset, detection of early signs of infarction is much more challenging but can be truly beneficial. Therefore, we have included cases in which the ASPECTS was clinically relevant with regard to treatment decisions.
Our study has several limitations. This study as well as previous ones included only a moderate number of patients. We tried to compensate for that by establishing an expert-based ground truth for comparison of reader-based and automated results. Whereas simultaneous diffusion weighted MRI could provide the most exact ground truth in case of acute stroke, 9 this was not feasible in the present study for the sake of time since all patients were considered eligible for emergency endovascular therapy. Also, NECT scans were acquired using a single CT scanner by one particular vendor and its IR technique at one institution. Therefore, the transferability to other manufacturers might be impaired.
